Supplementary Note 1: Computational Model

Vertex model
We model each cell within a two-dimensional tissue by a polygon, with mechanical energy given by = ( − 0 ) 2 + Γ 2 + where is the cell area and the cell perimeter 1 2 . The first term represents cell compressibility; the second term represents the energy due to contractile forces in the actomyosin cortex; the third term represents interfacial energy due to cell-cell adhesion and cortical tension. Focal adhesion complexes are modelled by linear springs that connect the cell vertices to the substrate, a triangular mesh of springs. Adhesion complexes bind and unbind stochastically with rates and .
Movement in the cell transmits forces to focal adhesions which in turn strain the substrate. To model active motility cells in the bulk of the tissue during wound closure, we incorporate random internal motility forces on the cell vertices. Cells around the wound start by crawling, with protrusions pushing cell fronts at the wound edge with force . The cells then switch to a purse-string mode stochastically, in which they stop crawling and edges around the wound have an increased line tension, and lower focal adhesion unbinding rate . Assuming over-damped motion, the equation of motion for vertex is given by:
is the total mechanical energy of the cells and the cell-substrate adhesions, and 1 ∑ ∈ is the average motility force from the neighbors of vertex . Using this model, we can study the effect of distinct actin architectures on collective migration forces during wound healing.
Cell-substrate adhesion
We model the substrate as a triangular mesh of springs with spring constant . The Young's modulus of a triangular mesh is given by = 2 √3ℎ
, where ℎ is the substrate thickness, and the Poisson's ratio for a triangular mesh is = 1 3 .
Since focal adhesions and cellular traction forces typically localize at the cell periphery 3 , we implement adhesions at the cell boundaries. In most vertex model implementations, vertices only lie on three-way cell junctions. We subdivide these edges to have an even distribution of adhesions around the cell. This has the added effect of allowing cells to take more flexible shapes, we non-straight cell-cell interfaces.
We model the focal adhesion complexes as stiff springs with stiffness , which connect the cell vertices with the substrate mesh. Bound focal adhesions can detach stochastically with a rate for adhesions in the bulk, for adhesions on protruding edges, and for adhesions on a purse string, whereas unbound cell vertices can attach to the nearest node of the substrate mesh with a rate . The springs rest length is set to be the length at initial attachment. Cell vertex movement away from this initial attachment point will lead to resistive forces on the cell and traction forces on the substrate.
Traction forces
We record displacements of the substrate vertices, = − 0 , at each timestep during the simulation. These vectors are then interpolated to a square grid, from which strain energy is evaluated using the finite difference discretization of = 1 2 ( + ), where and are in-plane special coordinates. The resultant stress is:
The traction stress is calculated using = , and the strain energy density is given by = 1 2
.
For each simulation, we consider the work done in closing the wound as the total strain energy within 2 µm of the wound edges, as in the experiment.
Cell motility
Each cell carries a polarity vector, ̂, which serves to represent front/rear polarization of a motile cell 4 . Cells in the bulk of the tissue, i.e. not on the wound edge, move due to self-propulsion 5 . The polarity of a bulk cell is defined by a unit vector with angle that undergoes rotational diffusion due to a Gaussian white noise with mean 0 and variance 2 . The resultant force on vertex as is the mean self-propulsion force of the vertexes neighboring cells:
where 0 is the self-propulsion speed, and the sum is over all neighboring cells to vertex .
To model lamellipodia based crawling, we allow cell vertices at the wound edge to protrude in the direction of polarity before attaching to the substrate (Figure 6a ). This pushes the cell front outwards, while cortical tension pulls the rear of the cell forwards. The polarity vector of cells along the wound points into the gap, and is determined by the mid-point of the wound edges.
Model implementation
The model is implemented using Surface Evolver 6 . We generate a wound by removing any cells that have vertices within the target wound area. Edges surrounding the wound are then fixed to lie on the target wound boundary, and the remaining cells are relaxed without adhesions. This ensures that the wound starts with the target shape and the system is at an energy minimum. Adhesions are formed once the system has relaxed. To initiate gap closure, cells around the wound are set to crawling mode. We then execute the following steps until wound closure:
 Update adhesion states for cell vertices. Adherent vertices attempt to unbind with a rate for adhesions in the bulk, for adhesions on protruding edges, and for adhesions on a purse string, at each time step. Detached vertices attempt to attach to the nearest substrate vertex with a rate . For cell edges at the wound border, attachment occurs via protrusion into the nearest substrate vertex.  Perform neighbor exchanges, also known as T1 transitions, when a cell edge shrinks below the threshold length, , only if the move lowers the total mechanical energy.  Update wound cell modes from crawling to purse string modes at a rate . Once cells are in the purse-string mode they remain so until wound closure or when the cell edge length shrinks to zero and the cell moves way from the wound edge in a T1 transition.  Move the cell vertices and the substrate mesh at velocities proportional to the gradient of their mechanical energies.
To collect statistics on the closure dynamics we run several simulations with varying purse string transition rates, from 0.5 to 2. hr −1 , in intervals 0.25 hr −1 . For each value of purse string transition rate, we run 6 simulations with different random seeds, and on different substrate stiffness. Simulation runs are then classified as PS if the mean length of purse-string over the perimeter of the wound is greater than 50%, and LP if it is less than 50%.
Effective friction calculation
Effective friction is defined as the mean resistive force due to adhesion on a wound vertex moving with velocity V, divided by the velocity:
is the stiffness of the focal adhesion in series with the triangular substrate mesh. For each simulation, we calculate the effective friction as the average friction over all PS and LP edges of the wound:
where is the perimeter of the wound, and is the total length of PS edges on the perimeter.
Simulation parameters
Dimensionless parameters for the area elastic modulus, contractile tension, and interfacial energy are taken from a previous study on MDCK using a vertex model 7 . The interfacial energy is negative, meaning that cell-cell adhesion is strong so that cells aim to increase the contact lengths with their neighbors. To obtain dimensional units, length, force, and time scales were calibrated from our experimental data.
Length scales are obtained from the typical size of the cells. The substrate stiffness defines the force scale of simulations. The purse-string tension is estimated by multiplying the force from a myosin motor, 3pN 8 , with the number of myosin motors in a contractile ring of length 15 m and depth 1 m, around 10,000 9 , giving an approximate tension of 300nN. The adhesion binding and unbinding rates, adhesion stiffness are then fit to reproduce the experimental traction force maps. Typically, traction force builds up over time around the wound but is not homogenous about the perimeter. Reducing adhesion turnover leads to lower traction forces that are more evenly distributed around the wound. The experimental time for wound closure then defines the time scale of the system through the viscosity. For crawling cells, adhesion life time set to 40% of purse-string adhesion life time, based on experimental data, and protrusion force is estimated by comparing a single cell crawl speeds to typical crawl speeds of 15 m hr −1 . The internal motility speed is set to half that of a single cell crawl speed. Finally, the purse-string transition rate is chosen in a range that gives a range of behaviors, from mostly crawling with some purse-string at the end to fast purse-string build up. 
Supplementary Note 2: Calculating nematic order on super-resolution actin images
From super-resolution images, we calculate the local nematic order parameter q of F-actin using custom Matlab code described by Cetera et al 10 .
Briefly, super-resolution images are divided into small overlapping regions. Within each region, a local nematic director is calculated from the moments of the Fourier Transform of the actin intensities. The nematic ordering is calculated for each region by comparing the director orientations of the region with its neighbors using a 3x3 kernel. The order parameter is calculated as = 2 ×< cos 2 − 0.5 >. We plot values of q within the range [0, 1].
Supplementary Note 3: Comparing wound closures on glass to polyacrylamide substrates
We also ablate MDCK monolayers on glass coverslips (N=8). Like wounds that close on polyacrylamide gels, wounds on glass coverslips close with a characteristic timescale < 1 > = 50 ± 20 min. This value is similar to values of 1 measured on polyacrylamide gels. The predominant actin architecture of cells at the leading edge is also measured, where < 1 − > = 0.69 ± 0.09. This value is larger than our stiffest polyacrylamide substrate (55 kPa). We avoid quantifying similarities and/or differences between wound closures on glass and closures on polyacrylamide due to the difference in adhesion conditions to the substrate (nonspecific vs covalent respectively).
Supplementary Note 4: Assessing Error in Forces Due to Hole in Gel
Consider the substrate as a 2D elastic material with hole of radius ℎ . The wounded tissue applies a radial traction force on the substrate causing a displacement of the substrate at = . We can solve for the displacement of the substrate, ( ), then calculate the traction force and compare it to the traction force calculated assuming that there is no hole.
Assuming cylindrical symmetry, the stress tensor is given by:
where and are 2D material properties of the substrate, related to the Young's modulus, , and
Poisson's ratio, , by = (1+ )(1− ) and = 2(1+ ) . The steady state displacement obeys:
with boundary conditions:
The displacement field can be solved as:
which recovers the solution with no hole when ℎ = 0. This gives the traction force at = , in terms of the Young's modulus and Poisson's ratio, as :
By comparing the traction force calculated for varying ratios of hole to wound size, we can estimate the error in traction forces under the TFM for fixed hole size as the wound area shrinks during closure. From expeirments the size of the substrate hole is ℎ = 1.5 . During the early stage of wound closure the wound decreases from = 100 to = 50 , while during the late stage the wound reduces to = 16
. The force error is calculated as the percentage difference between the force with zero hole, ( ℎ = 0), and the actual force, ( ℎ = 1.5
). Supplemental Figure 1e shows how the error varies as a function of wound radius. During the early stage of wound closure, the error is less than 0.5%. During the late stage the error increases up to 4%. Thus, while the material properties of the substrate do change as a result of the hole, due to the small relative size of the hole the error should make little difference to the results.
Supplementary Figure 1. Ablation Induces Nominal Gel Damage and Error in Force Measurement. (a)
Images of fluorescent beads within polyacrylamide gels (E = 4.3 kPa). The power on the 337nm ablation laser is increased from 30% to 65%. Below 65% cells are not ablated. Ablation with 65% laser power causes localized holes in the gel; holes do not inhibit wound closure, but force measurements are not collected near the hole. Scale bar is 10 m. For equal detachment rates between PS and LP edges we find that the strain energy density in both cases is proportional to the closure velocity, leading to differences in the power output between PS and LP. As we decrease the PS adhesion unbinding rate, the PS closure slows while strain energy increases, recovering the balance of effective power. is the friction on a moving cell vertex from the focal adhesion and substrate. We find as effective friction increases, due to increased purse-string adhesion time or a higher purse-string coverage, closure time increases. Movie 10: Instance of Lamellipodial Cell Overcoming the Leading Purse String. Actin fluorescence images and traction stress maps for the rare case of a lamellipodial protrusion of a sub-marginal cell passing the purse string. Stresses localize to actin structures at wound edge. Scale bar is 20 m.
